Abstract. This paper examines some biological aspects and the predatory capacity of Chrysoperla externa fed nymphs of Sipha flava and reared at different temperatures. Recently hatched larvae were placed individually in Petri dishes, fed ad libitum with S. flava and reared at either 12, 16, 20, 24, 28 or 32 ± 1°C, a RH of 70 ± 10% and a 12-h photophase. The experiment was fully randomized with 30 replicates of each treatment. The duration and survival in each instar, and larval and pupal stages (pre-pupa + pupa) were analyzed. To determine the predatory capacity of larvae they were each provided daily with three-day-old nymphs of the aphid, in a number greater than they could consume. Ninety C. externa larvae were kept individually in Petri dishes at 24 ± 1°C, and their daily consumption recorded during development. Temperature influenced the rate of larval and pupal development. There was a decrease in the duration of development with increase in temperature. Regression analyses, based on quadratic equations, were used to describe the effect of temperature on the duration of development in the different instars of C. externa. This revealed that the base temperature increased as the larvae developed towards the adult phase. The survival of larvae in the first and second instars was similar at 12, 16, 20, 24, 28 and 32°C but none of the third instar larvae completed their development at 12°C and 32°C. The average daily and total consumption of aphids by third instar larvae was about 48 times greater than that of first instar larvae. The larvae ate an average of 10, 37 and 479 aphids in the first, second and third instars, respectively.
INTRODUCTION
Many species of aphids are serious pests of various crops, among them Sipha flava (Forbes) (Hemiptera: Aphididae), known as the "pulgão-amarelo" in Portuguese and yellow sugarcane aphid in English. In addition to sugarcane it is recorded from a number of cereal crops (Blackman & Eastop, 2000) and other grasses (MedinaGaud et al., 1965; Kindler & Dalrymple, 1999; Blackman & Eastop, 2000) . It mainly attacks the leaves (Holman, 1974) , where the damage is shown by red spots (Webster, 1990; Costa-Arbulú et al., 2001) . Because S. flava it is an emerging pest, particularly in greenhouses, more research is needed to reduce the losses caused by this aphid.
One way of reducing populations of insect pests is biological control. Various lacewing species (Neuroptera: Chrysopidae) have attracted the attention of researchers due to the voracity and hunting capacity of their larvae, as well as their high reproductive potential, ability to adapt to laboratory conditions and tolerance of some phytosanitary products Silva et al., 2006) . In Brazil, one of the most-studied species is Chrysoperla externa (Hagen), particularly because of its widespread occurrence on various crops and its ability to feed on a wide range of prey species.
The efficiency of natural enemies is affected by environmental conditions, mainly temperature (Samson & Blood, 1979) . Similar to other insects the speed of development increases with increase in temperature also in lacewings (Canard & Principi, 1984; Maia et al., 2000; Fonseca et al., 2001) .
Previous studies in Brazil have assessed the use of lacewings in integrated pest management programs of aphids on grasses, such as Schizaphis graminum (Rondani) on sorghum (Fonseca et al., 2001; Figueira et al., 2002) and Rhopalosiphum maidis (Fitch) on corn (Maia et al., 2004) . These studies have shown that this predator can develop at temperatures ranging from 12°C to 30°C and that temperature affects the survival of the latter development stages and the feeding rate. These biological parameters can vary depending on the prey species offered. These findings help in the formulation of pest management measures. But there is no study in which S. flava is the prey, which according to Oliveira et al. (2009) is the main aphid species on elephant grass.
Knowledge of the biological parameters and predatory capacity of C. externa fed with S. flava, over a temperature range of 12°C to 32°C -the most suited for this aphid's development according to Oliveira et al. (2009) will help in predicting the synchronization of the occurrence of the predator and prey and the effect of the predator on the population density of this aphid in the field.
The objective of this work was to study the effect of temperature on development of C. externa and the number of S. flava consumed.
MATERIAL AND METHODS
C. externa eggs were obtained from the Entomology Laboratory of the Federal University of Lavras, Minas Gerais, Brazil. C. externa larvae that had recently hatched from eggs laid by adults from a culture that had been maintained in the laboratory for several generations (generation F3) were individually placed in 5-cm diameter Petri dishes containing a piece of a blade of elephant grass, Pennissetum purpureum Schum, placed on a layer of Agar (1%) and covered with filter paper that had been perforated with a pin for aeration. The pieces of grass were changed every three days. The dishes were placed simultaneously inclimate controlled chambers maintained at constant temperatures of 12, 16, 20, 24, 28 or 32 ± 1°C, RH 70 ± 10% and photophase of 12 h. There were 30 replicates of each treatment and each larva -which constituted a replicate -was fed S. flava nymphs ad libitum.
To evaluate the influence of temperature on the development period of each instar and the larval and pupal stages (pre-pupa and pupa) of C. externa, the results were analyzed using regression analysis. The lower threshold temperature and thermal constant were estimated by fitting a hyperbolic equation to the results (Bean, 1961) .
To assess the predatory capacity of C. externa, adult aphids raised in the laboratory were placed in 5-cm diameter Petri dishes containing pieces of elephant grass on a layer of agar (1%). After 24 h the adult aphids were removed, leaving only the nymphs that after three days were offered to the predators in a number greater than they could consume in 24 h. The purpose of offering aphids of uniform age was to standardize their size. The average number of prey consumed daily by C. externa larvae in the different instars was determined by a preliminary test consisting of 10 replicates. Larvae were placed individually in the 5-cm diameter Petri dishes, which were then enclosed in PVC film perforated for aeration and kept in a climate-controlled chamber at 24 ± 1°C, the temperature at which the values of feeding of C. externa recorded in this study were greatest. A total of 30 larvae were used and their daily and total predatory capacities recorded. The results were analyzed using regression analysis.
RESULTS AND DISCUSSION

Duration of the immature stages of Chrysoperla externa
Over the range 16-28°C, the average duration of each instar and the total larval stage was shorter at high than at low temperatures, following the general rules valid for all poikilotherms animals. The regression analyses of the relationships between temperature and the duration of the different development stages expressed in terms of quadratic polynomials gave the best fitting curves (Fig. 1) . Fonseca et al. (2001) studied the same lacewing, fed with S. graminum and reported the same results.
The larvae of C. externa that were reared at 12°C and 32°C did not complete the third instar. In general, the lacewings spent longer in the third than in the previous two instars irrespective of the temperature.
Because of the high mortality during the third instar at the two extreme temperatures (12°C and 32°C) it was not possible to determine duration of development of this instar at these temperatures. Cardoso & Lazzari (2003) , studying the development of the larvae of this lacewing from the region of Curitiba in the southern state of Paraná, fed on Cinara spp. (Hemiptera: Aphididae), record an average larval duration of 59.5 days at 15°C, twice the duration recorded in the present study at nearly the same temperature (16°C and 29.4 days on average). These results suggest that most probably the type of prey but also the predator's geographic origin can affect the duration of development of lacewings, even when they are reared at similar temperatures. This agrees with the findings by Smith (1922) .
Rearing S. flava at different temperatures indicate it can complete development at 20°C and 24°C (Oliveira et al., 2009 ). Thus C. externa is potentially a natural control agent of this aphid pest, since the range of temperatures over which both these species can complete their development overlap.
Also the length of the pupal stage decreased with increase in temperature, from 26.4 days at 16°C to 9.3 days at 28°C. The larvae that developed at 12°C and 32°C did not reach the pupal stage. A shorter duration (7.4 ), lower threshold temperature (LTT) and thermal constants (K) (degree-days) for the different instars and immature development (larval and pupal) of Chrysoperla externa fed on Sipha flava. RH 70 ± 10%, 12-h photophase. days) of the pupal stage of C. externa (7.4 days) reared at 25°C and fed S. graminum, is reported by Fonseca et al. (2001) , and similar results were recorded by Núñez (1988) .
Knowledge of the relation to temperature and prey in C. externa might be useful for deciding the release of this predator in natural environments. This is stressed by Angelini & Freitas (2006) .
Analyses using a quadratic equation to describe the effect of temperature on the duration of development of C. externa indicated an increase in the lower threshold temperature for the developement to the adult (Table 1) . In a similar study but with Schizaphis graminum as prey and at temperatures ranging from 15°C to 30°C Maia et al. (2000) report LTT of 13.0°C for the first instar, which is higher than that reported for the same instar in the present study (9.4°C) at the range of 12°C to 32°C. However, for the other instars, their results are similar to ours.
Based on LTT of 10.7°C for development of the larval stage, 144.9 degree-days are necessary for C. externa to reach the adult stage.
Survival of immature stages of Chrysoperla externa
As temperature does not appear to affect this predator's survival during the first and second instars, the results for these instars were not analyzed. The average percentage survival of the first instar was 85.5, 83.3, 95.0, 83.3, 96.6 and 77.5% and 80.0, 100.0, 89.5, 96.0, 86.2 and 93 .5 % in the second instar when reared at 12, 16, 20, 24, 28 and 32°C, respectively. However, the best fitting curves for the regression between temperature and the survival of development of the different stages (third instar, larval, pre-pupal and pupal stages) were obtained using quadratic polynomials. In the third instar temperature had a substantial effect on the survival. The highest percentage survival was recorded at 20°C to 28°C and the lowest at 12°C and 32°C, so the results for the latter two temperatures were not included in the regression analysis. For the pupal stage, 24°C was the most favourable temperature for development (Fig. 2) . Fonseca et al. (2001) also found that all the C. externa larvae fed S. graminum and kept at temperatures ranging from 24°C to 27°C survived, but very few survived at temperatures of 15°C and 30°C.
The high survival of this species at temperatures ranging from 16°C to 28°C is similar to that reported by other authors, using similar temperatures, but different prey, such as R. maidis (Maia et al., 2004) and S. graminum (Fonseca et al., 2001 ). This suggests that C. externa can survive over a wide range of temperatures and feeding on different prey and might be an effective biological control agent.
Predatory capacity of chrysopids
The average daily and total consumption of aphids increased during larval development, with 3.9, 8.6, 70.5 and 38.0 aphids per day and totals of 10.0. 36.7, 478.9 and 525.5 aphids consumed in the first, second and third instars and over the whole larval stage, respectively (Fig.  3) . There was nearly an 18-fold increase in the average daily consumption and 48 fold increase in the average total consumption from the first to the third instar. The much higher consumption of prey in the third instar of C. externa is a general phenomenon in chrysopids and is also reported in studies in which this predator was fed Rhodobium porosum (Sanderson) (López, 1996) , Cinara spp. (Cardoso & Lazzari, 2003) , R. maidis (Maia et al., 2004) and Hyadaphis foeniculi (Passerini) (Lira & Batista, 2006) and regardless of the prey . This also occurs in Chrysopa quadripunctata Burmeister and Chrysopa rufilabris Burmeister fed on Monellia caryella (Fitch) (Liao et al., 1985) . Fonseca et al. (2001) , similarly report that the larvae of C. externa reared at 24°C and fed on S. graminum have an average daily consumption of 3.4, 10.5 and 76.7 aphids in the first, second and third instars, respectively. However, Lima (2004) report that third-instar larvae of C. externa consume only an average of 19.3 Brevicoryne brassicae nymphs, which is nearly a quarter of the number of S. flava consumed in this study. These differences in the number of aphids consumed might be related to the inherent characteristics of the aphid species eaten, such as size and suitability. B. brassicae is well known as unsuitable prey for aphid predators, because of its waxy cover (Hodek, 1996) .
The total prey consumption in the first and second instars of C. externa is lower in the present paper than that reported by Ribeiro (1988) for this predator fed on Aphis gossypii at 25°C. Also, the predatory capacity of the third instar recorded by this author is lower than that found in the present study and is in concert with the smaller prey consumption during the entire larval period. Burke & Martin (1956) , studying other lacewing species fed on A. gossypii, found that larvae of Chrysoperla oculata (Say), Chrysoperla plorabunda (Fitch) and Chrysoperla rufilabris consumed an average of 265, 208 and 268 aphids during the larval stage, respectively, roughly half the consumption recorded for C. externa in this study.
The difference in the consumption of aphids by C. externa reported in the literature is probably a conse- Fig. 3 . Average daily and total consumption of Sipha flava nymphs by first, second and third instar larvae, and all of the larval stages of Chrysoperla externa reared at 24 ± 1°C, a RH of 70% and a 12-h photophase.
quence of rearing them on diet of different species of aphids, since some species of aphids can negatively affect a predator's larval development, as is reported by Canard (1973) for Chrysopa perla (Linnaeus) fed on different species of aphid.
The number of aphids consumed per predator reported here can be used to determine the number of C. externa larvae for release in programs aimed at controlling the abundance of S. flava. Although the third instar larvae are the most voracious releasing first instar larvae will minimize the cost of raising the predator in the laboratory.
CONCLUSIONS
C. externa can successfully complete its development when fed on S. flava and reared at temperatures ranging from 16°C to 28°C, but not at 12°C and 32°C. At 24°C, the temperature at which C. externa performs best, its first, second and third instar larvae consumed on average 10, 37 and 479 aphids, respectively.
